Aims/hypothesis Pregnancy in type 1 diabetic women is associated with risk of worsening of retinopathy. It has been reported that deterioration continues in the months after delivery, but direct data are lacking. It is also unclear what impact pregnancy has on the long-term progression of retinopathy. Methods We studied 59 women with type 1 diabetes who had retinal photographs before pregnancy and yearly for 5 years post pregnancy. These photographs were graded using the EURODIAB retinopathy grading system. Results The mean duration of diabetes was 14.4±8.2 years and mean age at pregnancy was 29.8±5.5 years. Mean HbA 1c was 8.2±2.0% before pregnancy with tighter control during pregnancy itself. This value was high despite efforts to improve take-up of pre-conception care. Mean HbA 1c was 8.6±1.5 during the follow-up period. At baseline, 43 (72.9%) women were free of retinopathy, 15 had nonproliferative retinopathy and one woman had previously had laser therapy. During pregnancy four women required laser therapy. Over the next 5 years none required laser therapy, although retinopathy worsened in 14 women. Tenyear follow-up data were available on 22 women, one of whom required laser therapy 8 years after pregnancy. Baseline retinopathy status was the only independent risk factor which predicted progression of retinopathy. Conclusions/interpretation Pregnancy is not associated with post-partum worsening of retinopathy.
Introduction
The long-term effect of pregnancy on maternal health is a serious consideration for women with type 1 diabetes who are contemplating childbirth. It is well documented that retinopathy can progress during pregnancy in type 1 diabetic women with reported rates ranging from 17% to 70% [1] [2] [3] . Poor glycaemic control, longer duration of diabetes, greater fall in blood glucose in early pregnancy and raised blood pressure have previously been identified as risk factors for progression of retinopathy during pregnancy [4, 5] . However, data are lacking on the impact of pregnancy on retinopathy incidence and progression, and specifically on the development of sight-threatening diabetic retinopathy in the months and years after pregnancy.
Study of women who became pregnant during the Diabetes Complications and Control Trial suggested that pregnancy was associated with a continued more rapid progression of retinopathy for 12 months post-partum. No retinopathy requiring treatment was seen in this group of women who had relatively short duration diabetes [6] . Other studies have confirmed the increased association of sight-threatening retinopathy with pregnancy, but have not defined whether the period of risk extends beyond the pregnancy itself. The Pittsburgh Epidemiology of Complications of Diabetes Study examined the 2 year period in which a pregnancy occurred and found an approximately threefold increase in proliferative retinopathy incidence compared with non-pregnant control women [7] . While sight-threatening deterioration in retinopathy early in pregnancy is universally acknowledged, it is important to determine whether there is a need for more frequent retinal screening in the months after delivery. It is plausible that the well recognised short-term deterioration in diabetic retinopathy during pregnancy could be associated with lasting microvascular changes that could enhance rate of subsequent progression.
The present study was designed as a longitudinal observational study of retinopathy status during and over the 5 years following pregnancy with the aim of quantifying the change in grade of retinopathy and requirement for laser therapy of sight-threatening retinopathy. The study was possible as Newcastle upon Tyne has a long-established photographic retinal screening system [8] [9] [10] [11] and a database recording diabetes care in pregnancy [12] [13] [14] .
Methods
The Newcastle Diabetes Centre provides retinal screening for Newcastle District (population 270,000), UK. Two static retinal cameras are used to screen patients attending for specialist care and patients whose diabetes is managed in the community. The digital retinal screening programme in Newcastle District has annual population coverage of over 80%. The screening is performed by trained retinal screeners who measure visual acuity, instill tropicamide, carry out retinal photography, assess the images and explain the findings to each individual patient. In pregnancy, retinal examination is carried out at booking and at 28 weeks for all women. If any retinopathy is present at booking, interval screening is then carried out as indicated by degree of retinopathy. Close links with the Ophthalmology Department ensure that pregnant women with sight-threatening retinopathy are assessed within 2 weeks of detection.
We identified 59 women with type 1 diabetes for whom retinal photographs were available before and at least 5 years after an index pregnancy. All pregnancies resulted in live births and had antenatal care provided in the combined obstetric and diabetic clinic at Royal Victoria Infirmary, Newcastle. All pregnancies occurred between 1989 and 1998. A pre-pregnancy service was commenced in 1990. At annual review, all women were advised about the need for excellent control peri-conception, and approximately 25% of them had individualised tightening of diabetes control prior to conception [12] . The insulin regimen most suited to the individual woman was used. Following pregnancy, all women attended the Diabetes Clinic at Newcastle Diabetes Centre and had retinal photographs done at the annual review clinic. Ethical approval for the study was obtained from the Newcastle Local Research Ethics committee.
Demographic and clinical details were collated from the clinic records. The retinal photographs before booking, after delivery and yearly thereafter were obtained from the Newcastle Eye-screening Service database. All photographs were graded by a trained observer (C. S. Arun). An established grading system (EURODIAB) was used to classify the retinal changes [15] . This system has been previously validated [16] and allowed classification of retinopathy into early non-proliferative diabetic retinopathy (NPDR), moderate NPDR, severe NPDR, proliferative and laser-treated retinopathy based on the above grading Number of women Fig. 1 The number of women in whom laser therapy was required increased from one to five during pregnancy, with no further increase after delivery (black squares). There was a steady increase in number of women with background retinopathy at any one time (circles) and a steady decrease in women with no diabetic retinopathy (white squares) system. The need for laser therapy was taken as the endpoint of retinopathy progression. The difference in deterioration in EURODIAB score on severity of retinopathy (years 2-6) was compared between the groups who exhibited no change during pregnancy and those who exhibited a deterioration of more than one grade during pregnancy. Comparison was done using the MannWhitney U test.
Results
The mean age of women at the time of pregnancy was 29.8± 5.5 years with duration of diabetes of 14.4±8.2 years. HbA 1c was 8.2±2.0% pre-pregnancy and 8.6±1.5 during the follow-up period. The baseline systolic and diastolic BP prior to pregnancy was 120±18 and 74±12 mmHg respectively (Table 1) .
At baseline, 43 (72.9%) patients were free of retinopathy and 15 had background retinopathy (14 early NPDR, 1 moderate NPDR; Fig. 1 ). One patient had already received laser therapy for bilateral maculopathy before pregnancy. During pregnancy four women required laser therapy, three of whom had macular oedema and one proliferative retinopathy. One other woman developed bilateral moderate NPDR during pregnancy, but did not receive laser therapy. No women with a previously normal retina went on to receive laser therapy during pregnancy. Although 10 patients progressed from normal to early NPDR within 5 years, none progressed to require laser therapy (Table 2) .
In univariate analysis, the presence or absence of retinopathy at baseline was found to be the only significant risk factor for progression (χ 2 =12.3, df=1, p<0.001). Age, duration of diabetes, pre-pregnancy HbA 1c and systolic BP were not significantly different in women who received laser therapy (Table 3) .
Follow-up information to 10 years was available for 22 women. One woman developed maculopathy requiring laser therapy 8 years after pregnancy, having had early background retinopathy at baseline. Within this group of 22 women, 12 had no progression, four had mild progression and three regressed from the time of delivery to the end of follow-up. All three women whose retinopathy regressed over the years after pregnancy had only a few microaneurysms during pregnancy, which disappeared within 1 year. For two women who had received laser therapy during pregnancy data at 10 year follow-up were available. They had no further worsening over this period.
Discussion
No deterioration in retinopathy was observed in the first year after pregnancy, and in particular there was no requirement for laser therapy over this time. Pregnancy appeared to have no deleterious influence on the subsequent development of sight-threatening retinopathy. Progression of retinopathy requiring laser during pregnancy was noted in four of 59 (6.8%) patients, whereas only one of 22 women progressed to receive laser therapy over the next 10 years. Values are n (%) a Changes regressed in one patient after the first year b All patients who received laser therapy had early NPDR at baseline Diabetic retinopathy may be adversely affected during pregnancy by major changes in distribution of blood flow, an increase in cardiac output as well as hormonal changes including increased IGF-1 levels [17, 18] . In addition, sudden improvement in glycaemic control induces a decrease in retinal blood flow, secondary hypoxia and thus worsening of retinopathy [19, 20] .
Although progression of retinopathy during pregnancy in women with type 1 diabetes has been well described, progression after pregnancy is less certain. Data from the DCCT cohort suggested that deterioration of retinopathy may continue for some months after pregnancy, even though the mean diabetes duration in the women studied was only 5 years [6] . The present study observed no progression of retinopathy requiring intervention at any time after the pregnancy in a population of women with considerable greater duration of diabetes. It is unlikely that cases were missed, as the Newcastle screening method has high sensitivity (88%) and specificity (98%), as previously described [21] , and because missed cases would be picked up in subsequent years within this single centre study.
The low incidence of requirement for laser therapy over the years following pregnancy is striking. No laser therapy was required in the 59 women followed for 5 years, while only one of the 22 women followed for 10 years needed this treatment. The lack of any evident adverse long-term effect of pregnancy on retinopathy when proper surveillance is carried out in pregnancy is consistent with several cross-sectional studies. In the Pittsburgh EDC pregnancy study, the prevalence of retinopathy in 80 women who had previous pregnancy was the same as in matched nulliparous women [7] . A cross-sectional study on 28 women 7 years after pregnancy suggested a decreased rate of progression in the long term, with progression occurring in 19% of women who had been pregnant compared with 50% in nulliparous control women [22] . The end-of-study assessment in the DCCT showed no long-term effects of pregnancy on retinopathy progression in this group of women with short-duration diabetes [23] . This confirmed the Wisconsin study, which had observed no relation of gravidity to development of retinopathy [24] .
It could be postulated that the slow progression noted in the present study over a longer term could be due to removal of susceptible patients from the population during pregnancy. Those women who are otherwise at risk of gradual progression of their retinopathy over a few years might have had rapid progression during pregnancy and required laser therapy. It is also possible that a period of good glycaemic control during pregnancy had a durable beneficial effect, a phenomenon shown in the EDIC study [23] .
The group of women described in the present study had routine modern diabetes care, including retinal screening before, during and after pregnancy in a single clinic. It should be noted that there was a rapid improvement in control during the pregnancy itself, and ideally this would be achieved prior to pregnancy with higher take up of pre-pregnancy care. Although there is significant risk of retinopathy worsening during pregnancy, this does not continue after pregnancy. If retinopathy is stable after delivery, then progression over years is not hastened by the pregnancy.
